1. Introduction
===============

Nephrotic syndrome (NS) is defined by the presence of heavy proteinuria (more than 3.5 g/24 h), hypoalbuminemia (less than 30 g/L), hyperlipidemia, and peripheral edema.^\[[@R1]\]^ It is a common renal disorder in adults and children,^\[[@R2],[@R3]\]^ for example, it affects 15 to 20 per 100,000 children, often with a frequently remitting and relapsing course.^\[[@R3]\]^ Normally, NS patients are usually treated with glucocorticoid, most cases are steroid-sensitive; however, especially about 20% children cases experience a complicated course with steroid resistance and have a poor renal survival.^\[[@R4],[@R5]\]^ Moreover, most of the steroid-sensitive NS cases would relapse and develop into steroid-dependent NS (SDNS), even steroid-resistant NS (SRNS).^\[[@R5]\]^ Cyclophosphamide, calcineurininhibitor, mycophenolate mofetil, and alkylating agents, or various combinations of these drugs are the most commonly used steroid-sparing protocols in SRNS and SDNS^\[[@R4]\]^; however, most of these drugs not only present serious adverse, but also so many cases cannot achieve completely remission and will develop end-stage renal failure.^\[[@R6]\]^ Because of the complicated patient states, ineffective treatments, and high relapse rate, NS seriously influences the health of humans and takes a huge challenge on the patient\'s family and society; novel drugs should be taken consideration to the treatment of NS.

In the past decade, some studies have acquired some success in the treatment SRNS and SDNS with rituximab.^\[[@R7],[@R8]\]^ However, these studies did not set control groups, the statistical efficiency is low. Subsequently, several studies assessed the efficacy and safety of rituximab in treatment of SRNS and SDNS by cohort, case--control study, and randomized controlled trial (RCT)^\[[@R9]--[@R16]\]^; however, these studies showed contradictory remission rate, different changes of biochemical indicators. Although a previous study has assessed the efficacy and safety of rituximab in treating refractory NS by a meta-analysis,^\[[@R17]\]^ this study only based on the childhood, and only 5 studies were included; hence, with the accumulating evidences, we conducted an update meta-analysis based on all refractory NS patients to assess the use of rituximab in treating refractory NS.

2. Materials and methods
========================

2.1. Study selection
--------------------

A study selection was performed with Web of Science, PubMed, and CNKI to search studies that reported the efficacy and safety of rituximab in treatment of refractory NS published up to April 2016 with the following search terms: "rituximab" or "CD20" in combination with "refractory nephrotic syndrome" or "nephrotic syndrome" or "steroid-dependent nephrotic syndrome" or "steroid-resistant nephrotic syndrome" with no restrictions. The references of the potential studies were reviewed.

2.2. Inclusion criteria
-----------------------

If the study met the following conditions, it should be included: the patients should meet the diagnostic criteria of NS and were not cured with common drugs; the patients should be treated with rituximab, the controls should be treated with other immunotherapy; the study should be published as full-length articles in English or Chinese; and available data that could be extracted from the article or obtained by calculation.

2.3. Data collection
--------------------

We conducted the data extraction with a standardized form. The following information was collected from the included studies: the first author\'s last name, publication year, study population, size of sample size, outcome indicators, and follow-up.

Because the data included in this study were retrieved from the literature, ethical approval from ethics committees was not needed.

2.4. Bias and quality assessments
---------------------------------

For the nonrandomized study, the authors completed the quality assessment based on the primary criteria for nonrandomized and observational studies of the Newcastle--Ottawa Quality Assessment scale for meta-analyses.^\[[@R18]\]^ For the RCT, the risk of bias was assessed using the Cochrane Collaboration\'s "Risk of bias" tool.^\[[@R19]\]^

Two independent authors performed all the above procedures, any disagreements were resolved by discussion.

2.5. Statistical analysis
-------------------------

In the present study, the differences in complete and overall remission events, relapse-free survival, serum albumin, serum creatinine, proteinuria, serum cholesterol, and adverse events between 2 groups would be assessed.

All analyses were performed using RevMan5.2 software (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). The standard mean differences or relative risk (RR) or odds ratio (OR) and the corresponding 95% confidence intervals (CIs) were used to measure the difference between the patients and controls. Homogeneity test was performed with the use of *Q* statistic and the *I*^2^ statistic.^\[[@R20]\]^ And a random or fixed effects mode was chosen according to the Homogeneity test. In our study, if the *P* value was less than 0.05, it was considered as statistically significant.

3. Results
==========

3.1. Study selection process and study characteristics
------------------------------------------------------

Initially, 705 articles were searched from the above databases according to the study selection strategy, after reviewing titles, abstracts, and full-text, most of them were excluded. At last, 8 articles (154 patients with rituximab treatment and 189 controls with other drug treatment) were included.^\[[@R9]--[@R16]\]^ Eight were from Web of Science or PubMed, and none were from CNKI. The study selection process was presented in Fig. [1](#F1){ref-type="fig"}.

![The study selection process.](md-95-e5320-g001){#F1}

As shown in Table [1](#T1){ref-type="table"}, 4 of them were conducted in the Italian,^\[[@R9]--[@R12]\]^ 1 in Indians,^\[[@R13]\]^ 1 in French,^\[[@R14]\]^ 1 in Japanese,^\[[@R15]\]^ and 1 in England.^\[[@R16]\]^ Three were matched-cohort study,^\[[@R9],[@R10],[@R16]\]^ 3 were RCT,^\[[@R11],[@R12],[@R15]\]^ and 2 were case--control study.^\[[@R13],[@R14]\]^ Two studies were based on the adults,^\[[@R9],[@R10]\]^ and 6 were based on the children.^\[[@R11]--[@R16]\]^ Most of them had a longer follow-up period and higher quality. However, the sample size of each study was small.

###### 

The characteristics of included studies.
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3.2. Complete and overall remission events
------------------------------------------

In the included studies, 6 studies reported the complete and overall remission events,^\[[@R9]--[@R13],[@R16]\]^ 2 of them were based on the adults,^\[[@R9],[@R10]\]^ and 4 were children.^\[[@R11]--[@R13],[@R16]\]^ The results showed that there was no difference in complete and overall remission events between rituximab and control groups, and these results were not changed by the ages of patients. The RR (95% CI) for the complete and overall remission events was 1.41 (0.95, 2.10) and 1.25 (0.93, 1.68), respectively. There was no evidence of significant heterogeneity among these studies (*P* \> 0.05, *I*^2^ \< 50%). The results of complete and overall remission events are presented in Figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}.

![Forest plot shows the efficacy of rituximab versus other drugs on complete remission rate.](md-95-e5320-g003){#F2}

![Forest plot shows the efficacy of rituximab versus other drugs on overall remission rate.](md-95-e5320-g004){#F3}

3.3. Serum albumin
------------------

Figure [4](#F4){ref-type="fig"} shows 4 studies (2 based on adults,^\[[@R9],[@R10]\]^ and other 2 based on children)^\[[@R12],[@R13]\]^ assessed the difference in serum albumin levels between 2 groups after treatment.^\[[@R9],[@R10],[@R12],[@R13]\]^ After treatment, no difference in serum albumin levels between rituximab and control groups, SMD (95% CI) was 0.06 (−0.32, 0.44), *P* \> 0.05. NO matter in adults or children patients, the difference was also not found, the SMD (95% CI) were −0.12 (−0.65, 0.42) and 0.23 (−0.30, 0.77), respectively.

![Forest plot shows the efficacy of rituximab versus other drugs on serum albumin levels.](md-95-e5320-g005){#F4}

3.4. Serum creatinine
---------------------

Two studies based on the adult patients and 2 based on the children reported serum creatinine levels at the end of treatment, respectively.^\[[@R9],[@R10],[@R12],[@R13]\]^ None of them showed a difference between 2 groups. The pooled analysis showed that serum creatinine levels in rituximab group were not different from those in control group, the SMD and 95% CI was −0.01 (−0.47, 0.44), *P* \> 0.05. The results are presented in Fig. [5](#F5){ref-type="fig"}.

![Forest plot shows the efficacy of rituximab versus other drugs on serum creatinine levels.](md-95-e5320-g006){#F5}

3.5. Urinary protein
--------------------

Figure [6](#F6){ref-type="fig"} indicates 4 studies reported the urinary protein levels after treatment,^\[[@R9]--[@R12]\]^ only 1 study that was based on the children showed a lower urinary protein level after treatment with rituximab^\[[@R11]\]^; however, the combined analysis did not show a significant difference in urinary protein levels between the 2 groups, the SMD and 95% CI were −0.80 (−2.30, 0.71), *P* \> 0.05. Meanwhile, there was a strong evidence of heterogeneity among these studies (*P* \> 0.05, *I*^2^ \< 50%).

![Forest plot shows the efficacy of rituximab versus other drugs on urinary protein levels.](md-95-e5320-g007){#F6}

3.6. Serum cholesterol
----------------------

As shown in Fig. [7](#F7){ref-type="fig"}, 2 studies were based on the adult patients and only 1 was based on the children reported serum cholesterol levels at the end of treatment, respectively.^\[[@R9],[@R10],[@R13]\]^ The pooled analysis showed that there was a significant difference between 2 groups among the adults; however, no difference was found among all patients, the SMD and 95% CI were 0.59 (0.04, 1.14), *P* \< 0.05, and 0.43 (−0.03, 0.89), *P* \> 0.05, respectively.

![Forest plot shows the efficacy of rituximab versus other drugs on serum cholesterol levels.](md-95-e5320-g008){#F7}

3.7. Relapse-free survival
--------------------------

In total, 4 studies were based on the children reported the relapse-free survival rate.^\[[@R11]--[@R13],[@R15]\]^ The pooled analysis suggested that there was a significant difference in relapse-free survival rate between the 2 groups, the pooled OR (95% CI) was 0.42 (0.29, 0.62), *P* \< 0.05. The result is presented in Fig. [8](#F8){ref-type="fig"}.

![Forest plot shows the efficacy of rituximab versus other drugs on relapse-free survival.](md-95-e5320-g009){#F8}

3.8. Adverse effect
-------------------

Almost all included studies reported adverse effects during the treatment in 2 groups. The common adverse effects included nausea, vomiting, sweating, hypotension, bronchospasm, and skin rash. However, after reducing the drug infusion rate or providing temporary treatment interruption, these adverse events were rapidly and completely resolved.

3.9. Publication bias
---------------------

The funnel plot showed that all the included studies were symmetrically distributed in the triangle area; this means that the results of present study were less affected by publication bias. The funnel plot of the studies is presented in Fig. [9](#F9){ref-type="fig"}.

![Forest plot for publication bias.](md-95-e5320-g010){#F9}

4. Discussion
=============

In our study, 8 studies, including 154 patients with rituximab treatment and 189 controls with other drug treatment, were identified. In addition, our study showed that patients with rituximab treatment might have a higher relapse-free survival rate; however, we did not observe significant differences in complete and overall remission rate, serum albumin, serum creatinine, urinary protein, and serum cholesterol levels between the 2 groups.

It is known that the patients with NS often suffer from the presence of heavy proteinuria (\>3.5 g/24 h), hypoalbuminemia (\<30 g/L), hyperlipidemia and peripheral edema,^\[[@R1]\]^ the changes or remission of proteinuria, hypoalbuminemia, hyperlipidemia, and serum creatinine are often used to evaluate the efficacy of clinical treatment. Therefore, we assessed the efficacy of rituximab versus other drugs on patients with refractory NS trough these indicators.

The proteinuria and hypoalbuminemia are the indispensable diadynamic criteria of NS; therefore, decreasing proteinuria levels and increasing serum albumin are the main objectives of treatment.^\[[@R17]\]^ In the included studies, only 1 showed that rituximab treatment could reduce proteinuria levels ^\[[@R11]\]^; this study was similar to another study which reported that about 90% of patients with refractory NS achieved complete or partial remission of proteinuria after receiving rituximab treatment.^\[[@R21]\]^ However, pooled analysis of our study did not show a good treatment efficacy of rituximab on proteinuria and hypoalbuminemia. Consequently, the difference in complete and overall remission rate was not remarkable.

In the present study, we also assessed the changes of serum creatinine levels after treatment. None of the included studies showed a significant difference in serum creatinine levels after different treatments between the 2 groups; the pooled result was coincident with the single included study.

Although we did not find a significant difference in serum cholesterol levels between the 2 groups, the adults achieved higher levels of serum cholesterol after treatment with rituximab; this result implied that patients, especially the adults, should be monitored for serum cholesterol levels when treated with rituximab, even when lipid regulating drugs were administered.

Although we did not find any significant differences between the 2 groups, these results should be discussed further, because the following reasons: a small number of included study and sample size in each analysis, which unquestionably influence the statistical result; the patients in each included study had different pathological types of NS, different dosages of rituximab, and different treatment responses to rituximab.^\[[@R17],[@R22]\]^

The present study suggested that rituximab treatment significantly improved relapse-free survival rate. This result was consistent with previous studies.^\[[@R17],[@R23],[@R24]\]^ The mechanism of this treatment efficacy is unclear, but as is well known that, NS is an autoimmune disease, rituximab is a monoclonal anti-CD20 antibody. CD20 expression is localized on B cells from prolymphocytes to lymphoplasmacyte. It is also weakly expressed on about 20% of plasma cells responsible for immunoglobulin (Ig)G and IgA secretion. Rituximab(RTX) binding to the CD20 antigen leads to rapid destruction of the CD20-expressing cell. B-cell depletion after RTX injection is complete and lasts for several weeks to several months.^\[[@R25]\]^ These may be a reasonable explanation of the treatment efficacy of rituximab on improving relapse-free survival rate.

Although a previous meta-analysis had assessed the efficacy of rituximab versus other drugs on patients with refractory NS, it was found that rituximab significantly improved relapse-free survival, complete remission rate, and reduced the occurrence of proteinuria^\[[@R17]\]^; only 5 studies based on the children were included, the sample size was small; moreover, an increased complete remission rate (*P* = 0.09) was based on the *P* \< 0.1, the statistical efficiency was lower. In the present study, we included more published studies, a larger sample size, and we conducted subgroup-analysis to assess the efficacy of rituximab versus other drugs on the adults and children patients with refractory NS; it provided more strong evidence.

However, several limitations in the present study should be considered. First, we identified all published studies; however, only 3 RCTs were included; recall bias and selection bias of case--control and cohort studies were not excluded.^\[[@R26]\]^ Second, most of included studies were based on the European populations, whether these findings were supported by other populations was needed to be further assessed. Third, although we included more studies and patients than the previous patients, the sample size was also small. Fourth, we did not find evidence of publication bias, but we were not able to completely rule out such bias because of the limited number of studies. Fifth, although patients with refractory NS would have achieved several benefits after treatment with rituximab, the cost of rituximab treatment was high^\[[@R9]\]^; few of the included studied reported this issue. Sixth, the included studies were not only based on the children, but also on the adults; however, there were only 2 studies based on the adults,^\[[@R9],[@R10]\]^ and the number of subgroups was fewer; hence, the results of our study should be weighed and considered. These limitations should be taken into consideration in the future studies.

5. Conclusion
=============

Our study suggested that rituximab might be a new agent in the treatment of refractory NS, it also could be used as an alternative to conventional immunosuppressive drugs-dependent or drugs-resistant. However, more high-quality, large sample, multicenter, double-blind, randomized, and placebo-controlled trials are needed to further confirm the efficacy of rituximab on the patients with refractory NS in the future.

Abbreviations: CI = confidence intervals, NS = nephrotic syndrome, OR = odds ratio, RCT = randomized controlled trial, RR = relative risk, SDNS = steroid-dependent nephrotic syndrome, SRNS = steroid-resistant nephrotic syndrome.
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